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(54) X-ray exposure apparatus 

(57) X-ray exposure apparatus has an irradiation chamber, for acconnodating the mask and substrate to be exposed, 
provided with a vacuum pump so that exposure can be made under vacuum. Preferably is in direct contact with the 
chamber space around the X-ray source and a pressure of less than 1 x lO'^ Torr is used. Prior to exposure the 
substrate can be housed in another chamber which is in communication with the irradiation chamber and which can 
also be maintained under a vacuum. 
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Furthermore, when the vacuum is reduced, a 
carbonaceous material is deposited on the parts 
which are at a high temperature, and an electric 
discharge can occur at the parts to which a high 
5 voltage is applied, so that those parts are disabled. 
Additionally, the parts of high precision are dam- 
aged by the deposition of the substance produced 
from the gases thereto. 

Moreover, after the gases are repeatedly intro- 

10 duced by the wafers or wafer cassette, the gases 
themselves or a product from the gases are depos- 
ited and accumulated on the inside of the appara- 
tus, even to such an extent that the apparatus can 
not be evacuated to a desired degree. 

15 Therefore, in yet another aspect the present in- 
vention aims to provide a wafer chamber which 
can eliminate those problems, and an X-ray expo- 
sure apparatus provided with such a chamber. 
In a still further aspect the present invention 

20 aims to provide mechanisms, systems, arrange- 
ments, devices, processes and methods for effec- 
tively handling, supporting, gripping, transferring 
and moving the wafer and/or the mask and other 
various elements. 

25 These and other objects, features and advan- 
tages of the present invention will become more 
apparent upon a consideration of the following de- 
scription of the preferred embodiments of the 
present invention taken in conjunction with the ac- 

30 companying drawings. 

Brief description of tfie drawings 

Figure / is a plan vievi^ of an X-ray exposure ap- 
paratus according to an embodiment of the pres- 
35 ent invention. 

Figure 2 is a cross-sectional view taken along 
line l-l of Figure 1. 

Figure 5 is a cross-sectional view taken along the 
line 11-11 of Figure 1, 
40 Figure 4 is a cross-sectional view taken along the 
line Ill-ill of Figure 1. 

Figure 5 is a plan view of a mask used with the 
embodiment of the present invention. 
Figure 5 is a plan view wherein a mask and a 
45 wafer are superposed in accordance with an em- 
bodiment of the present invention. 

Figure 7 is a perspective view of a wafer feeding 
apparatus according to an embodiment of the 
present invention. 
50 Figure 5 is a perspective view of a wafer han- 
dling mechanism according to an embodiment of 
the present invention. 

Figure 9 is a cross-sectional view of a parallel 
plane setting mechanism according to an embodi- 
55 ment of the present invention. 

Figure 10 is a perspective view of a wafer dis- 
charging mechanism according to an embodiment 
of the present invention. 
Figure 7 7 is a perspective view illustrating a 
60 wafer unloading mechanism according to an em- 
bodiment of the present invention. 

Figure 12 is a perspective view illustrating move- 
ments of a carrying table and an irradiation table 
according to any embodiment of the present in- 
65 vention. 



Figure 13 is a perspective view of a coarse and 
fine movement device according to an embodi- 
ment of the present invention. 

Figure 14 is a more detailed perspective view of 
70 the coarse and fine movement device of Figure 13. 

Figure 15 is a perspective view of a coarse and 
fine movement mechanism used with the device of 
Figure 13. 

Figure 16 is a perspective view illustrating opera- 
75 tion of the coarse and fine movement device. 

Figure 17 is a cross-sectional view of a mask 
holder and a wafer holder which are superposed, 
according to an embodiment of the present inven- 
tion. 

80 Figure 18 shows an optical arrangement of a 

pre-alignment microscope according to an embodi- 
ment of the present invention. 

Figure 19 is a perspective view illustrating an 
alignment operation between the mask and the 

85 wafer using the pre-alignment microscope of Fig- 
ure 18. 

Figure 20 is a schematic cross-section of an elec- 
tron microscope for fine alignment according to an 
embodiment of the present invention. 
90 Figure 27 is a cross-sectional view illustrating an 
operation at an irradiation station of the devices 
according to an embodiment of the present inven- 
tion. 

Figures 22A and 22B illustrate the movement of 
95 the wafer through the irradiation station by an irra- 
diation station moving lift according to an embodi- 
ment of the present invention. 

Figures 23A and 23B illustrate a structure by 
which a plurality of the masks are irradiated by a 
100 single X-ray source, according to an embodiment 
of the present invention. 

Figure 24 is a graph showing the relation be- 
tween the energy and the strength of the X-rays. 

1 05 Description of ttie preferred embodiments 

The preferred embodiments of the present in- 
vention will now be described in conjunction with 
the accompanying drawings. Referring to Figure 1, 
there is shown a general arrangement of an X-ray 

110 exposure apparatus according to an embodiment 
of the present invention, which comprises a main 
chamber 1, a wafer loading cassette accommodat- 
ing chamber 2 and a wafer unloading cassette ac- 
commodating chamber 3 which are disposed at 

115 opposite sides of the main chamber 1, a mask cas- 
sette accommodating chamber 4 which is juxta- 
posed with the wafer unloading cassette 
accommodating chamber 3 at a side of the main 
chamber 1, irradiation chambers 5a and 5b and a 

120 sub-chamber 6. 

The main chamber 1 includes a first portion 7 to 
which the accommodating chamber 2 and the ac- 
commodating chamber 3 are connected at the op- 
posite sides thereof and a second portion 8 to 

125 which the mask cassette accommodating chamber 
4 is connected at one side thereof. The connections 
between the first main chamber portion 7 and the 
wafer loading cassette accommodating chamber 2 
and between the first main chamber portion 7 and 

130 the wafer unloading cassette accommodating 
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SPECIFICATION 

An X-ray exposure apparatus 

5 Background of the invention 

The present invention relates to an X-ray expo- 
sure apparatus usable with a lithography process, 
nnore particularly, in a pattern exposure step 
thereof, for manufacturing highly integrated semi- 

10 conductor devices. 

Because of the demand for the increasing degree 
of integration of circuit, the width of a line consti- 
tuting a circuit pattern is now required to be in the 
order of micron and further sub-micron. To meet 

15 this demand, a radiation energy having a shorter 
wave length is used for printing the circuit pattern, 
such as ultraviolet radiation, far-ultraviolet radia- 
tion and soft X-ray radiation. 
As to a lithography apparatus using the soft X- 

20 ray radiation, efforts have been made to develop a 
commercial machine for over ten years, but no 
success in achieving a practical semiconductor 
manufacturing device using a soft X-ray radiation 
has not been reported as yet. The reasons would 

25 be in the difficulties in achieving proper and bal- 
anced resolution power, alignment accuracy, 
throughput, reliability, operability, cost and others. 

However, considering in further detail those 
points, one of the most important problems is with 

30 the fact that it is even more difficult to handle the 
soft X-ray radiation as compared with the ultravi- 
olet radiation. As is well known, the soft X-rays 
have to be emitted within an evacuated container. 
Therefore, in order to irradiate with soft X-rays a 

35 mask and a wafer which are superposed with con- 
tact or without contact, the soft X-rays are intro- 
duced thereto through a window of the vacuum 
container which is sealed by beryllium foil. The be- 
ryllium foil is employed because is absorbs very 

40 small percentage of the soft X-rays. However, it 
has to be durable against the pressure difference 
between the high vacuum within the container and 
the atmospheric pressure under which the mask 
and the wafer are present, so that approx. 50 mi- 

45 crons thickness of the foil is required. The berryl- 
lium foil of this thickness absorbs as large as 50% 
of the soft X-rays, which is disadvantageous. 

Another problem stems from divergence of the 
soft X-rays. When the soft X-rays irradiate the 

50 mask and the wafer superposed without contact, 
an image of the mask pattern formed on the wafer 
may have different dimensions from the original 
pattern on the mask, if the wafer is inclined with 
respect to the mask. To avoid this, it is needed to 

55 maintain parallel therebetween, but it is extremely 
difficult to mechanically achieve this. In addition, 
the divergent rays necessarily result in different 
projection dimensions between the central area 
and the marginal area. This requires that the center 

60 of the mask is aligned with the axis of the X-ray 
source for each of the pattern exposure operations, 
in addition to the alignment between the mask and 
the wafer. 

A further problem is caused by the fact that, 
65 when the wafer having been exposed to a pattern 



is chemically processed by etching or the like, the 
wafer is expanded or reduced. This is particularly 
important when large diameter wafers are used, 
which is a recent trend or demand, such as 6 inch 
70 or 8 inch diameter wafer, since then the expansion 
or reduction of the wafer can not be neglected. It 
is, therefore, important to minimize the possible in- 
fluence of the wafer expansion or reduction to the 
pattern image. 

75 

Summary of the invention 

In addition to those problems, the inventors have 
noted particularly a problem which is peculiar to 
the soft X-rays. Figure 24 shows a relation between 
80 an X-ray energy and the strength of the X-rays 
when they are generated by accelerating electrons 
to high velocity and suddenly stopping them by 
collision with a target. The decreasing smooth line 
exhibits the continuous property, and the peaks ex- 
85 hibit the peculiar property, which is in dependence 
on the materials of the target. 

The area in the graph of Figure 24 which is lower 
than 4 KeV in the X-ray energy is used to expose 
the wafer, but the area which is left-hand side of 
90 the broken line is absorbed by the beryllium, so 
that the area which is actually used for the expo- 
sure energy is only the area defined by the broken 
line and the line of 4 KeV. 

In brief, the introduction of the soft X-rays from 
95 the vacuum container entrains a large loss of en- 
ergy. 

Accordingly, in a principal aspect the present in- 
vention aims to provide an X-ray exposure appara- 
tus wherein the energy from the X-ray source is 

100 efficiently used for irradiating a mask and/or wafer. 
In another aspect the present invention aims to 
provide an X-ray exposure apparatus wherein a di- 
vergent property component of the X-rays, which 
causes inconvenience upon exposure of the wafer 

105 to a pattern of the mask, can be eliminated. 

In a further aspect the present invention aims to 
provide an X-ray exposure apparatus wherein an 
area of the wafer covered by one shot of the expo- 
sure is reduced to minimize the influence of the re- 

110 duction and expansion of the wafer. 

It has been found that there is an additonal prob- 
lem. When a substance is placed in a vacuum, the 
gases contained in the surface layer thereof is 
emitted to remarkably reduce the vacuum. And, 

115 the gases produced at the target employed in the 
X-ray source may adversely affect another part of 
the apparatus. 

Accordingly, in a further aspect the present in- 
vention aims to provide an X-ray exposure appara- 

120 tus which is substantially free from this problem. 
The inventors have noted a further additional 
problem. When a wafer coated with a resist is 
placed in a vacuum, the gases contained in the 
surface layer of the wafer is gradually emitted to 

125 remarkably reduce the vacuum in the X-ray expo- 
sure apparatus. When this occurs, a thermionic 
cathode which is used for generating an electron 
beam is significantly worn. As a result, the electron 
beam generation is disabled, so that the X-ray ex- 

130 posure apparatus is also disabled. 
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that an orientation flat 27 of the wafer 12 is di- 
rected toward a predeternrtined. Then, the wafer 12 
is transferred to the wafer holder supported on the 
irradiation table, wherein the parallel plane setting 
5 device adjusts the position of the wafer 12 so that 
the surface of the wafer 12 is parallel with and 
spaced apart by a predetermined clearance from, 
the wafer holder reference surface. As a result, the 
wafer 12 and the mask 16 which is supported by 
10 the mask holder placed on the wafer holder now 
have opposing surfaces which are parallel and 
spaced by a predetermined clearance. 

The irradiation table carrying the wafer 12 is 
moved to the pre-alignment station which is lo- 
15 cated in the middle of the chamber portion 8. 

On the other hand, the mask 16, which has been 
taken out of the-mask cassette 15 and gripped by 
the mask handler and fixed on th*e mask holder, is 
received together with the mask holder by the 
20 coarse and fine movement device from the mask 
handler. The coarse and fine movement device car- 
ries the mask holder to the irradiation table which 
is waiting for it at the pre-alignment station with 
the wafer holder, and superposed them. At the pre- 
25 alignment station, the mask 16 and the first irradia- 
tion area of the wafer 12 are roughly aligned, and 
thereafter, they are moved to the adjacent fine 
alignment station to be subjected to a fine align- 
ment operation. 
30 The mask 16 and the wafer 12 on the irradiation 
table, which have been finally aligned, are trans- 
ported into the irradiation chamber 5a, wherein 
they are scanned and irradiated by X-rays. The 
wafer 12 is covered or shielded at the second, the 
35 third and the fourth irradiation areas so as to pre- 
vent the areas other than the first irradiation area 
from being exposed to the X-rays. 

The irradiation table, after passing through the 
irradiation chamber 5a, reaches the sub-chamber 6, 
40 where the irradiation area of the wafer is shifted. 
When the mask 16 is superposed with the second 
irradiation area of the wafer 12, the irradiation ta- 
ble is moved to the pre-alignment station and then 
to the fine alignment station the sub-chamber 6, 
45 There the mask 16 and the second irradiation area 
of the wafer 12 are roughly and then finely aligned 
with each other. 

Similarly to the above described, the mask 16 
and the wafer 12 are carried on the irradiation ta- 
50 ble into the irradiation chamber 5b, where they are 
scanned and irradiated with the X-rays. During the 
irradiation operation, the first, the third and the 
fourth irradiation area are shielded so that only the 
second irradiation area is exposed to the X-rays. 
55 When the irradiation table reaches the second 
main chamber portion 8 after passing through the 
irradiation chamber 5b, the irradiation area of the 
wafer 12 is again changed. Thus, the above de- 
scribed operations are rejDeated until the third and 
60 the fourth irradiation areas are exposed so that the 
entire surface of the wafer 12 is exposed to the X- 
rays. Then, the irradiation table is moved from the 
second main chamber portion 8 to the first main 
chamber portion 7. The wafer, which has been ex- 
65 posed to circuit patterns, is discharged and re- 



ceived by the wafer unloading cassette 14 in the 
chamber 3. If another mask 16 is to be used, the 
mask moving device can return the old mask to the 
cassette 15 and take another mask from the cas- 

70 sette out. 

The foregoing description has been made with 
respect to a single wafer to be processed, but it 
will be understood that plural wafers 12 are proc- 
essed in parallel using the plural irradiation tables, 

75 Next, detailed explanations will be made as to 
the major points of operation to make clear the en- 
tire operation of the X-ray exposure apparatus ac- 
cording to this embodiment of the present 
invention. 

80 

(1) Wafer Loading, Parallel Plane Setting and 
Wafer Unloading 

As shown in Figure 4, the wafer loading cassette 
accommodating chamber 2 and the wafer unload- 

85 ing cassette accommodating chamber 3 are con- 
nected to the opposite sides of the first main 
chamber portion 7. in the loading chamber 2, a ta- 
ble 30 is mounted to support the wafer cassette 13 
containing a plurality of wafers 12 each coated 

90 with a resist sensitive to the X-rays. The table 30 is 
supported on a lifter 31 for vertically moving the 
cassette 13. The cassette 13 supported on the table 
30 is moved downwardly by the lifter 31, after a 
wafer 12 therein is fed into the first main chamber 

95 portion 7. 

The loading chamber 2 is provided with a con- 
nection which is connected to a pipe 10 which, in 
turn, connected to a vacuum pump 50 to evacuate 
the loading chamber. On the inside surface of the 

100 top wall of the loading chamber 2, a heating device 
51 is mounted to heat the inside of the chamber 2. 

The loading chamber 2 is isolatable from the first 
main chamber portion 7 so that the evacuation can 
be effected only for the loading chamber 2. By this 

105 evacuation, the gases contained in the wafer sur- 
face layer can be removed preliminarily. In this 
sense, the loading chamber 2 also functions as a 
preliminary exhausting chamber in this embodi- 
ment. Also by this preliminary evacuation, there is 

110 no or less possibility that the gases are emitted 

within the X-ray exposure apparatus, more particu- 
larly, adjacent to the X-ray generating source, so 
that the vacuum in the apparatus is not disturbed 
at the step of the exposure of the mask 16 and the 

115 wafer 12. 

Without the preliminary exhausting chamber, the 
volume to be evacuated is large, resulting in a 
longer time required for the evacuation. To reduce 
the required time, a larger pump having a higher 

120 evacuating speed is needed, which requires a 

larger space and which makes the operation costly. 

Since the wafer loading cassette accommodating 
chamber 2 functions also as the preliminary ex- 
hausting chamber according to this embodiment, 

125 the space required is reduced so that the apparatus 
may be made smaller and that a mechanism not 
required for feeding the wafer cassette 13 from a 
preliminary exhausting chamber to the wafer load- 
ing chamber. This reduces the number of parts and 

. 130 improve the operability, and furthermore, the cost 
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chamber 3, and the connection between the sec- 
ond nnain chamber portion 8 and the mask cassette 
accommodating chamber 4, are such that they can 
each maintain a vacuum independently from the 
5 others. 

Also, the connections between the irradiation 
chambers 5a and 5b and the main chamber 1 and 
between the irradiation chambers 5a and 5b and 
the sub-chamber 6 are such that they can each 

10 maintain the vacuum independently from the oth- 
ers. Between those chambers, an isolating valves 9 
are provided in order to isolate them, if necessary. 
For instance, when it is necessary to exchange or 
service an X-ray tube in the irradiation chamber 5a 

15 or 5b, the necessary operations are carried out 
after the associated isolating valve 9 is closed. 
Then the rest of the chambers, namely chambers 1 
and 6, can maintain the vacuum. This is advanta- 
geous in that before resuming the operation of the 

20 apparatus after the maintenance operation, it suf- 
fices for the resumption if only the irradiation 
chamber 5a or 5b is evacuated, so that the time re- 
quired for evacuation can be reduced. The cham- 
bers 1, 2, 3, 4, 5a, 5b and 6 are provided at their 

25 proper sides with ports communicatable with a 
vacuum pump 140 (Figure 2) and also provided 
with pipes 10 for communicating them properly. 

Here, brief explanations will be made in conjunc- 
tion with Figures 2, 3 and 4, as to major devices, 

30 mechanisms and operations therein. As shown in 
Figure 4, the wafer loading cassette accommodat- 
ing chamber 2 is provided with a device for receiv- 
ing a cassette 13 containing plural wafers 12, each 
of which has been coated with a photoresist to be 

35 exposed to a circuit pattern by the X-ray exposure 
apparatus. This receiving device is capable of verti- 
cally moving the cassette 13 to contribute to feed 
plural wafers into the first main chamber portion 7, 
sequentially. 

40 In the first main chamber portion 7, there is pro- 
vided, adjacent to the chamber 2, with a feeding 
device for feeding the wafers one at a time from 
the cassette 13 located in the chamber 2. In the 
middle of the length of the first main chamber por- 

45 tion 7, the parallel plane setting mechanisms for 
the wafers are disposed, whereat the position of 
the wafer is adjusted and fixed so that a surface of 
the wafer is parallel with a reference surface of the 
wafer holder supported on the irradiation table. At 

50 a position in the first main chamber portion 7 
which is in the neighbourhood of the wafer un- 
loading cassette accommodating chamber 3, a dis- 
charging device is provided to discharge into the 
chamber 3 the wafer which has been subjected to 

55 the pattern exposure step on its entire surface. 
In the chamber 3, similarly to the chamber 2, 
there is a device for receiving a cassette 14 con- 
taining the wafers. This receiving device is capable 
of moving the cassette 14 vertically and is effective 

60 to store one by one the wafers which have been 
subjected to the irradiation steps. 

An explanation will be made, referring to Figure 
3, as to the major devices and operations relating 
to the mask accommodating chamber 4 and the 

65 second main chamber portion 8. The mask accom- 



modating chamber 4 contains therein a mask cas- 
sette 15, which accommodates plural masks 16. 
Additionally, there is provided a device for rotating 
the mask cassette 15 to move a desired mask 16 of 
70 the plural masks in compliance with the irradiation 
steps. 

The second main chamber portion 8 includes, 
adjacent to the mask chamber 4, a mask moving 
device which is used for taking the mask out of the 
75 cassette or for returning the mask to the cassette. 
At an upper portion of the second chamber portion 
8, there is a vertically movable mask handler which 
holds the mask holder. A pre-alignment micro- 
scope 17 is provided at an upper portion in the 
80 middle of the length of the second chamber por- 
tion 8 to effect a coarse alignment between the 
mask and the wafer. At an upper portion of the 
second main chamber portion 8 in the neighbour- 
hood of the pre-alignment microscope 17, there is 
85 a fine alignment electron microscope 18 to perform 
the precise alignment between the mask and the 
wafer. Additionally, at an inside of the second 
chamber portion 8, a coarse and fine movement 
device which is movable over the length of the 
90 chamber portion 8, is provided to move the mask 
and the wafer during the pre-alignment and fine 
alignment operations. 

The major devices, mechanisms and operations 
associated with the sub-chamber 6 are similar to 
95 those explained with respect to the second main 
chamber portion 8, with the exception that it is not 
equipped with the mask moving device operated 
when the mask is taken out of the cassette or 
when the mask is returned thereto. 

100 As shown in Figure 2, the irradiation chambers 
5a and 5b each contain an X-ray tube. The mask 
and the wafer are irradiated by the X-ray while 
being passed through the chamber on a table. By 
this irradiation, the wafer is exposed to the pattern 

105 of the mask, or the pattern of the mask is trans- 
ferred or printed on the wafer. 

As an example, it is assumed that a wafer in- 
cludes four separate irradiation areas, in order to 
explain the general operation of the X-ray expo- 

110 sure apparatus. 

Figure 5 is a plan view of a mask 16, which com- 
prises a base plate transparent with respect to the 
X-rays, a circuit pattern 20 and a set of alignment 
marks 21 which are made of a material not trans- 

115 parent to X-rays. Figure 6 is a plan view of the ex- 
ample of the wafer having separate four irradiation 
areas defined by the orthogonal broken lines 22 
and 23. The irradiation is performed when the 
mask 16 is superposed with one of the separate ir- 

120 radiation areas of the wafer. Therefore, in order to 
cover the entire area of the wafer, the irradiation 
step must be repeated four times. The wafer may 
be provided with alignment marks which have 
been formed previously, and one set 24, 25 or 26 

125 of alignment marks is formed on each of the irra- 
diation areas. 

The wafer 12 having those alignment marks 24, 
25 and 26 are stacked in the wafer loading cassette 
13, The wafer 12 is fed into the chamber 7 one by 

130 one by the feeding device, and then so oriented 
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lowers the piezoelectric means 51. The irradiation 
table 46 carrying the wafer holder 47 is then trans- 
ported from the parallel plane setting station 44 to 
the pre-alignment station along the rails 45 and 45 
5 by a driving means (not shown). 

The unloading of the wafer, after having been 
subjected to the irradiation operation will now be 
described. The wafer unloading cassette accommo- 
dating chamber 3 has a table 30 for carrying the 

10 cassette 14 for accommodating the wafers, simi- 
larly to the wafer loading cassette accommodating 
chamber 2. The table 30 is supported by a lifter 31. 
The cassette 14 supported on the table 30 is 
moved upwardly by the lifter 31 after each time of 

15 receiving the wafer from the first main chamber 
portion 7. 

The movement of the wafer 12 from the first 
main chamber portion 7 to the cassette 14 is ef- 
fected by the wafer hand having the same struc- 
20 ture as shown in Figure 8 and the wafer 

discharging device 66 which is shown in Figure 10. 
The discharging device 66 includes a table 67 and 
a slide 68. 

As shown in Figure 11, the irradiation table 46, 
25 after having been subjected to the X-ray irradia- 
tion, is deprived of the mask holder 70 by the mask 
hand 71 and then transferred to the wafer hand 
along the rails 45 and 45. There, the wafer 12 car- 
ried on the wafer chuck 50 is gripped by the wafer 
30 hand at its circumference and transferred onto the 
table 67 of the wafer discharging device 66. The ta- 
ble 67 carrying the wafer 12 is moved by the slide 
68 along the guide 69 toward the cassette 14 in the 
chamber 3. By repeating those steps, the wafers 12 
35 which have been exposed are successively accom- 
modated in the cassette 14 within the chamber 3. 

(2) Loading and Unloading of IVIask 
The loading and unloading of the mask will now 

40 be described in conjunction with Figures 3 and 11. 
The mask cassette 15 includes a top cover 15a 
and a bottom cover 15b for accommodating in the 
space therebetween a plurality of masks 16. More 
particuIaHyr they are supported on the top cover 

45 15a by a magnetic force. 

The mask cassette, when accommodated in the 
mask cassette accommodating chamber 4, can be 
opened by lowering the bottom cover 15b by driv- 
ing an opening device 72. 

50 The top cover 15a of the mask cassette 15 is ro- 
tated by a rotating means so that a desired or 
needed mask 16 among the accommodated plural 
masks can be positioned at an access position 
where the mask is taken out or taken back. 

55 A cover 75 of the chamber 4 is opened, and a 
cassette 15 is set in the chamber 4, and then the 
cover 75 is closed. Then, the chamber 4 is evacu- 
ated by evacuating means {not shown). When the 
degree of the vacuum in the chamber 4 reaches a 

60 predetermined, a sliding valve 76, which has been 
closed, is opened, and a mask moving member ac- 
cesses therethrough to the chamber 4 from the 
second main chamber portion 8. The mask moving 
member has, at its end, a pawl to draw a mask 16 

65 out which is supported on the top cover 15a of the 



cassette 15 by a magnetic force. The pawl is en- 
gaged with a desired or selected mask 16, and 
then the top cover 15a is moved upwardly by the 
lifter 74b so that the mask 16 is taken out from the 

70 top cover 15a. The mask moving member Is with- 
drawn into the second main chamber portion 8 so 
that the mask 16 is moved from the chamber 4 to 
the second main chamber portion 8, more particu- 
larly, to a mask stage 77. 

75 At the mask stage 77, there are provided a mask 
handler 78, a mask position sensor for detecting 
the position of the mask and a mask lifter 80 for 
lifting the mask while it is being supported by the 
mask handler 78. 

80 The mask handler 78, which is effective to sup- 
port the mask which is at the stage 77 on the mask 
moving member, is rotatable to position the mask 
in accordance with the result of the detection of 
the mask position by the sensor 79. 

85 After the mask 16 is correctly positioned, the 
mask handler 78 supporting the mask 16 is moved 
upwardly by the lifter 80. 

The sensor 79 is movable horizontally so that, 
when the position of the mask is to be detected, 

90 the sensor 79 is positioned above the mask 16 sup- 
ported by the handler 78, and when the correct po- 
sitioning of the mask is achieved, it is retracted to 
its initial position. Therefore, it does not impede 
the vertical movement of the mask handler 78. 

95 Right above the mask stage 77, there is a mask 
holder hand 71. The mask holder hand 71 includes 
engaging members 81 and 81 for clamping the 
mask holder 70 and shaft members 82 and 82 for 
moving the mask holder 70 while it is clamped by 
100 the engaging members 81 and 82. The shaft mem- 
bers 82 and 82 are moved vertically by the lifter 83 
located at an upper position of the main chamber 
8. The engaging members 81 and 81 are rotatably 
connected with the shaft members 82 and 82, so 
105 as to rotate, when receiving the mask holder 70 

after the termination of the irradiation operation, to 
allow the holder 70 to pass and engage to one of 
the engaging members 81. Then, the engaging 
member 81 which has been away from the mask 

110 holder 70 passage by its rotation is again rotated 
to clamp the mask holder 70 by the two engaging 
members 81 and 81. 

The mask holder 70 clamped by the mask holder 
hand 71 is provided with an opening 84 for par- 

115 tially accommodating the mask 16 which is moved 
upwardly while being supported by the mask han- 
dler 78, and provided, at the bottom thereof with a 
magnetic member for holding the mask 16 by a 
magnetic force. The mask 16 which is moved up- 

120 wardly by the mask lifter 80 while being supported 
by the mask handler 78 is supported by the mask 
holder 70, and on the other hand, the handler 78 
moves downwardly by the mask lifter 80 after it re- 
leases the mask 16. 

125 Next, the mask 16 supported by the mask holder 
70 is returned to the cassette 15. 

First, the mask lifter 80 is actuated to move the 
mask handler 78 to the neighbourhood of the mask 
16 held under the mask holder 70. The handler 78 

130 is actuated to grip the mask 16. The magnetic 
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of the apparatus is less expensive. 

The gases which can be emitted in the apparatus 
are contained not only in the wafer 12 but also tn 
the inner wall surface of the chamber 2 and the 

5 wafer cassette 13. Since, however, according to the 
embodiment of the present invention, there is pro- 
vided the heater 51 so that those gases are quickly 
emitted by the heating, and evacuated by the vac- 
uum pump 50, 

10 As for the heating means for the loading cham- 
ber 2, a seath heater, an infrared and a posistor 
may be used. Among those elements, the posistor 
is suitable in that it has a self-temperature-keeping 
property, which makes the control of the heat 

15 source easier. 

When the loading chamber 2 is heated, the main 
part of the X-ray exposure apparatus can be 
heated by the heat which is intended for the cham- 
ber 2, It is, therefore, preferable that the loading 

20 chamber 2 and the main part of the apparatus are 
thermally isolated. For example, the wall of the 
isolating valve between the loading chamber 2 and 
the first main chamber portion 7 may be provided 
with a pipe 52, in which a proper substance is 

25 flowed. Figure 7 shows the wafer feeding device 32 
according to an embodiment of the invention, 
which serves to feed the wafer 12 from the cas- 
sette 13 to the first main chamber portion 7. The 
feeding device 32 comprises a movable table 33 

30 for supporting thereon the wafer 12 and drawing it 
out of the cassette 13 and a slide 35 for guiding for 
a horizontal movement along a guide 34. The 
wafer 12 carried on the table 33 is moved by the 
operation of the slide 35 to above a wafer lifter 36. 

35 The wafer lifter 36 is provided with a wafer sup- 
porting surface 37 which is rotatable and provided 
with an orientation flat detector 38 at a portion 
which is lower than the supporting surface 37. 
When the wafer 12 reaches the lifter 36, the lifter 

40 36 is driven to lift the supporting surface 37 so that 
the supporting surface 37 receives the wafer 12 
from the table 33. At this time, the supporting sur- 
face 37 is rotated to direct the orientation fiat 27 in 
a predetermined direction with the aid of the orien- 

45 tation flat detector 38. 

Figure 8 shows the wafer hand 40, which grips 
the wafer 12 supported on the supporting surface 
37 lifted by the lifter 36. The wafer hand 40 is con- 
nected to a slide 42 which is slidable along the 

50 guide 41, and also connected to a vertical cylinder 
43 which is vertically movable. 

The wafer hand 40 is moved to above the wafer 
supporting surface 37 by moving the slide 42 along 
the guide 41, and moved downwardly by operating 

55 the vertical cylinder 43. After receiving the wafer 
12 from the supporting surface 37, the wafer hand 
40 is moved upwardly by the vertical cylinder 43 
operation and then moved along the guide 41 to 
the parallel plane setting station 44 (Figure 4). 

60 At the parallel plane setting station 44, the irra- 
diation table 46 is prepared to receive the wafer 12, 
which table is movable along the rails 45 and 45. 
As shown in Figure 9, the irradiation table 46 in- 
cludes, at its upper portion, a wafer holder 47.. 

65 Within the wafer holder 47, there are an irradiation 



area moving table 48, spherical seat 49 and a 
wafer chuck 50 in the order named from the bot- 
tom toward the top thereof. The spherical seat has 
such a configuration that is defined by a part 

70 spherical side surface and parallel surfaces equi- 
distantly spaced from the center of the sphere. 

Bottom walls of the irradiation table 46 and the 
wafer holder 47 have aligned openings 52 and 53, 
through which piezoelectric means extends. Prefer- 

75 ably, each of the bottom walls has three of such 
openings. Three piezoelectric elements 51 are 
mounted on a vertically movable supporting table 
54 at such positions as are aligned with the open- 
ings. 

80 The wafer chuck 50 is provided, at the bottom 
thereof, with a rod 55 extending downwardly to be 
engageable to a top of the piezoelectric means 51 
which extends through the openings 52 and 53 
into the wafer holder 47. The spherical seat 49 is 

85 fixedly mounted on the wafer chuck 50 and en- 
gaged, at its circumference, by piezoelectric means 
56. 

At the parallel plane setting station 44, there is a 
calibrator 58 which is vertically movable by the lif- 
90 ter 57 mounted at an upper part of the main cham- 
ber portion 7. The calibrator 58 includes a bottom 
plate 59, having an opening 61 through which a 
gap sensor 60 extends and an opening 63 through 
which chuck urging means 62 extends. 
95 The wafer 12, when carried to the parallel plane 
setting station 44 by the wafer hand 40, is placed 
between the wafer holder 47 and the calibrator 58. 
Then, the cylinder 43 is actuated to lower the wafer 
hand 40 toward the chuck 50. When the wafer 12 

100 comes close to the upper surface of the chuck 50, 
the wafer hand 40 releases the wafer 12 so that the 
wafer 12 is now supported on the upper surface of 
the chuck 50. The wafer 12 is secured on the chuck 
50 by an electrostatic force. 

105 The wafer hand 40, after dispensing the wafer 12 
to the chuck 50, moves upwardly by the cylinder 
43 and moves toward chamber 2 by driving the 
slide 42 along the guide 41. 
The parallel plane setting operation for the wafer 

110 12 secured on the chuck 50 will be explained. First, 
the lifter 57 lowers the calibrator 58 until the bot- 
tom surface of the bottom plate 59 thereof is en- 
gaged to a top reference surface 65 of the wafer 
holder 47, 

115 Then, the piezoelectric means supporting table 
54 is driven to lift the piezoelectric element 51 
through the openings 52 and 53, until they reach 
the bottom end of the rod 55. At that time, the gap 
sensor 60 determines the distance between the up- 

120 per surface of the wafer 12 and the top reference 
surface 65 of the wafer holder 47. In accordance 
with the determination, the piezoelectric means 51 
adjust the vertical positions of the wafer so that 
the parallel plane setting is.effected to the wafer 

125 12. Then, the circumferential piezoelectric means 
56 is actuated to urge it to the spherical circumfer- 
ence of the spherical seat 49 and fix the spherical 
seat 49, and therefore, the chuck 50. 
Subsequently, the lifter 57 lifts the calibrator 58 

130 to its upper position, and the supporting table 54 
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tion. For the pushing and retracted operations, the 
coarse movement motor 93a is driven at an initial 
stage to move the pushing rod 92a back and forth 
to effect the coarse adjustment, and then the pie- 
5 zoelectric element rod 96a is driven to clamp the 
pushing rod 92a. Subsequently, the stacked piezoe- 
lectric element 97 are energized to finely move the 
coarse movement mechanism 91a back and forth, 
so that the mask holder 70 is positioned with high 

10 precision. For the adjustment in the Y direction, the 
pushing rod 92e and the pushing rod 92c are inter- 
relatedly moved. 

For the adjustment in the 0 direction, the push- 
ing rods 92c and 92e are slightly loosened, and the 

15 pushing rods 92a and 92b are moved with the re- 
sult that the mask holder 70 rotates about the tip 
of the pushing rod 92d. In the like manner, the 
wafer holder 47 is adjusted in its position. 

20 (4) Pre-AUgnment and Fine Alignment 

Referring back to Figure 12, the pre-alignment 
and fine alignment operations will be described. 
First, at the mask loading and unloading station C, 
the mask holder 70 loaded with the mask 16 is 

25 mounted on the coarse and fine movement device 
88. To effect this, the mask holder hand 71 is once 
lowered, and then the coarse and fine movement 
device 88 is moved to the mask loading and un- 
loading station C, where the coarse and fine move- 

30 ment device 88 is aligned above the mask holder 
70. Then, the mask holder hand 71 is lifted to set 
the mask holder 70 in the coarse and fine move- 
ment frame 90 of the coarse and fine movement 
device 88. The mask holder 70 is clamped by push- 

35 ing the pushing rods 92a - 92e. 

On the other hand, the wafer 12 is loaded to the 
wafer chuck 50 at the wafer loading station D. After 
termination of the parallel plane setting step, the 
irradiation table 46 is moved along the lateral rails 

40 45 and 45 to the pre-alignment station B. During 
this movement, the coarse and fine movement de- 
vice 88 is moved along the longitudinal rails 89 
and 89 (Figure 13) to the pre-alignment station B 
so that it is superposed with the wafer holder 47. 

45 The irradiation table lifter mechanism 98 shown 
in Figure 3 is operated to raise the irradiation table 
46 by a raising rod having three pawls through an 
aperture (not shown) provided in the middle of the 
movable carriage 85. By this, the reference sur- 

50 faces 46a and 46b on the irradiation table 46 are 
urged toward the reference surface of the frame of 
the coarse and fine movement device 88, which 
surface faces downward, to effect height determi- 
nation and equalization. 

55 Figure 17 shows the state wherein the mask 
holder 70 and the wafer holder 47 are coupled by 
an electrostatic chuck (not shown). Since the paral- 
lel plane setting of the wafer surface and the set- 
ting of the gap from the upper surface 65 

50 (reference surface) of the wafer holder 47 have 
been effected, the lower surface of the mask 16 
and the surface of the wafer 12 are placed in prox- 
imity with each other with a clearance, for exam- 
ple, several microns, if the upper reference surface 

65 65 of the wafer holder 47 is engaged to the lower 



reference surface of the mask holder 70, At this 
time, the magnetic chuck between the irradiation 
table 46 and the wafer holder 47 releases, and the 
alignment operation between the mask 16 and the 

70 wafer 12 is performed in the manner which has 
been described in conjunction with Figure 16. 

The alignment mark of the wafer 12 is formed in 
a scribe line in order to save the effective area of 
the wafer. The accuracy of the final alignment be- 

75 tween the mask 16 and the wafer 12 is required to 
be in the order of 0.1 micron or finer. To achieve 
this high precision alignment, this embodiment of 
the present invention employs a scanning type 
electron microscope. Therefor, during the align- 

80 ment operation the alignment mark on the wafer is 
scanned by an electron beam. If the electron beam 
deflects to such a degree that it is beyond the 
width of the scribe line, the area in which the ac- 
tual pattern is to be formed is undesirably exposed 

85 to the electron beam. For this reason, it is desira- 
ble that the mask 16 and the wafer 12 a re aligned 
to the order of 10 microns before the fine align- 
ment operation using the electron microscope, ex- 
cept for the case where the alignment mark is 

90 formed in a area exclusively for the alignment 

mark, or the case where the space between the ad- 
jacent actual pattern areas is relatively large as 
compared with the precision of the initial mechani- 
cal alignment. 
95 Figures 18 and 19 show schematically an ar- 
rangement of an optical microscope means 17 
which is used for the pre-aiignment. The optical 
microscope means 17 includes two microscopes 
for detecting the alignment marks 21 and 21 of the 

100 mask 16 and two microscopes for detecting the 
alignment marks 26 and 26 on the wafer 12 (one 
for each is shown in Figure 18). Each of those four 
microscopes includes an objective lens system 100, 
an imaging lens system 102 and TV image pick-up 

105 device 103. As described hereinbefore, the mask 
holder 70 and the wafer holder 47 are independ- 
ently adjusted in their position by the coarse and 
fine movement device 88, so that the alignment 
mark 21 and 21 of the mask 16 and the alignment 

110 mark 26 and 26 of the wafer 12 are aligned with 
respective reference marks on a scale 101. Thus, 
the mask 16 and the wafer 12 are pre-aligned , and 
then the mask holder 70 and the wafer holder 47 
are once coupled by the electrostatic chuck, and 

115 the pushing rods 92a - 92j of the coarse and fine 
movement device 88 are moved away from the 
mask holder 70 and from the wafer holder 47 to re- 
lease them. Thereafter, the lifting rod of the irra- 
diation table lifting mechanism 98 is lowered to 

120 bear the irradiation table 46 on the movable car- 
riage 85. 

When the movable carriage 85 is chucked with 
the irradiation table 46, the movable carriage 85 
moves to the fine alignment station A. By that 

125 time, the coarse and fine movement device 88 is 
moved to the fine alignment station A. The irradia- 
tion table lifter 104 at the fine alignment station A 
is actuated to lift the irradiation table 46. This lifter 
mechanism 104. is preferably of, for example, a 

130 cam-follower mechanism, since then the accelera- 
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member mounted in the bottom of the holder 70 is 
deenergized. The mask is released from the holder 
70, and then, the lifter 80 is actuated to lower the 
mask 16 while it is being gripped by the handler 
5 78. 

The pawl of the mask moving member receives 
the mask which is gripped by the handler 78 and 
located at the mask stage 77. At this time, the 
mask handler 78 is actuated to release the mask 

10 when the pawi receives the mask. Thereafter, the 
mask moving member is extended into the cham- 
ber 4, so that it is disposed between the top cover 
15a and the bottom cover 15b of the cassette 15. 
The magnetic member provided on the top cover 

15 15a of the cassette 15 attracts the mask 16 which is 
on the end of the mask moving member, to the 
lower surface of the top cover 15a. 

(3) irradiation Tabie and Movabie Carriage 

20 Referring to Figure 12, the irradiation table and 
the movable carriage will be explained. The mova- 
ble carriage 85 is movable along the longitudinal 
rails 86 and 86 by a driving mechanism (not 
shown). The length of the longitudinal rail 86 is 

25 such that the movable carriage 85 is movable be- 
tween the fine alignment station A and the mask 
loading and unloading station C. On the movable 
carriage 85, lateral rails 45 and 45 are fixedly se- 
cured, along which the irradiation table 46 is mov- 

30 able. One end of each of the rails 45 and 45 is so 
determined that, when the irradiation table 46 is at 
the fine alignment station A, it is connectable with 
each of relay rails 87 and 87, while the other end is 
so determined that, when the irradiation table 46 

35 moves along the lateral rails, the irradiation table 
46 can take the wafer loading position D and the 
wafer unloading position E. Therefore, when the 
movable carriage 85 is at the pre-alignment posi- 
tion B, and the irradiation table 46 moves away 

40 from the movable carriage 85 along the lateral rails 
45 and 45, the irradiation table 46 reaches the 
wafer loading station D. Similarly, when the mova- 
ble carriage 85 is at the mask loading and unload- 
ing station C, and the irradiation table 46 moves 

45 away from the movable carriage 85 along the lat- 
eral rails 45 and 45, the Irradiation table 46 reaches 
the wafer unloading station E. The wafer holder 47 
is shown as being supported by the magnetic 
chuck on the irradiation table 46, and provided 

50 with a regular square recess, within which an irra- 
diation area changing or shifting table 48 is mova- 
ble. The relative movement between the wafer 
holder 47 and the irradiation area changing tabie 
48 will be described hereinafter. Above the table 

55 48, there is a wafer chuck 50 for chucking the 
wafer. 

Above the movabie carriage 85 and the irradia- 
tion table 46, there is provided a coarse and fine 
movement device 84 which is as a whole movable 
60 in the lateral direction. 

Figure 13 is a perspective view of the coarse and 
fine movement device 88, which serves to place 
the mask 16 and the wafer 12 into alignment with 
each other, and which is movable along another 
65 set of lateral rails 89 and 89 parallel with the lateral 



rails 86 and 86. 

Figure 14 shows in more detail the coarse and 
fine movement device 88. It comprises a coarse 
movement frame 90 which is suspended at four 
70 portions from the beam through which the lateral 
rails 89 and 89 extend. Between the beam and the 
frame there is provided a compression spring for 
absorbing a collision energy and fix the frame at 
the lower position. Into the frame 90, the mask 
75 holder 70 and the wafer holder 47 are moved by a 
movable carriage lifter (not shown) which will be 
described hereinafter. To the outside of the coarse 
and fine movement frame 90, coarse movement 
mechanisms 91a and 91b supported by stacked 
80 piezoelectric element. Each of the coarse move- 
ment mechanisms 91a and 91b has a pushing rod 
92a which extends into the frame 90. As shown in 
Figure 15, the coarse movement mechanism 91a 
comprises a coarse movement motor 93a and a 
85 combination of a rack and pinion. The rotational 
movement caused by motor 93a is converted to a 
rectilinear movement of the pushing rod 92a. The 
pushing rod 92a is journaled by a combination of 
V-channel formed on a block 94a and a cantilev- 
90 ered leaf spring 95a which urges the pushing rod 
92a at its upper side. The leaf spring 95a is pressed 
by a piezoelectric element rod 96a. When the pie- 
zoelectric element rod 96a is energized, the push- 
ing rod 92a is pressed through the leaf spring 95a 
95 so that it is clamped to the block 94a. Stacked pie- 
zoelectric elements 97 and 97 are effective to move 
back and forth the coarse movement mechanism 
91a. One end thereof is securely fixed to the coarse 
movement mechanism 91a, while the other end is 

100 fixed to the external side of the coarse and fine 
movement frame 90. Also, another coarse move- 
ment mechanism 91b which has the structure simi- 
lar to the above is mounted to the external side of 
the coarse and fine movement frame 90 by piezoe- 

105 lectric elements. 

The coarse and fine movements will be de- 
scribed in conjunction with Figure 16. Designated 
by reference numerals 92a, 92b, 92c, 92d and 92e 
are pushing rods extending out of the upper part 

110 of the coarse and fine movement frame 90. Those 
pushing rods are engageable to the mask holder 
70. Designated by reference numerals 92f, 92g, 
92h, 92i and 92j are pushing rods extending out of 
the lower part of the frame 90. Those pushing rods 

115 are engageable to the wafer holder 47. The push- 
ing rods 92a and 92b are engageable to one side 
of the mask holder 70, and the pushing rod 92d is 
engageable to the opposite side, thus clamping the 
mask holder 70. The other sides of the mask holder 

120 70 are engaged by the pushing rods 92c and 92e. 
Simiiariy, the wafer holder 47 is clamped by the 
pushing rod 92f and the pushing rods 92h and 92i 
which are opposed to the pushing rod 92f, and by 
the pushing rod 92g and the pushing rod 92i which 

125 is opposed thereto. When, for example, the posi- 
tion of the mask holder 70 is adjusted in X, Y and 6 
directions, the pushing rods 92c and 92e are 
slightly loosened, and the pushing rod 92d and a 
couple of pushing rods 92a and 92b are interrelat- 

130 ediy pushed or retracted to adjust it in the X direc- 
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hausting or evacuating means so that the upper 
space can be maintained at the vacuum of 1x10'^ 
Torr. 

5 {eWradiatlon Area Change 

After the completion of the Irradiation, the irra- 
diation table 46 is transferred to the irradiation 
area changing or shifting station F. As shown in 
Figure 12, an additional movable carriage 85 is 

10 movable along longitudinal rails 119 and 119. On 
the movable carriage 85, there are lateral rails 120 
and 120 which are movable together with the mov- 
able carriage 85. Those members are accommo- 
dated in the sealed sub-chamber 6. The sub- 

15 chamber 6 is provided with a pre-alignment device 
and fine alignment device. It is of a similar con- 
struction to the main chamber 1 except that the 
mask and wafer loading and unloading stations are 
not provided. 

20 As shown in Figure 12, the second movable car- 
riage 85, when the irradiation table 46 is approach- 
ing to the ends of the relay rails 87 and 87, is at 
such a position that the lateral rails 120 and 120 
are aligned with the relay rails 87 and 87. A second 

25 mask holder hand 71 functions to grip the mask 
holder 70 and lift the wafer holder 47, similarly to 
the aforementioned mask holder hand. 

At the irradiation area changing station F, there 
is provided a irradiation area changing lift in addi- 

30 tion to the second mask holder hand 71. In Figure 
21, the irradiation table 46, lateral rails 120 and 
120, the movable carriage 85 and the longitudinal 
rails 119 and 119 have functions as have been ex- 
plained. The second movable carnage 85 has a 

35 central opening, in the neighbourhood of which a 
recessed member 121 is mounted. In the recessed 
member 121, stacked piezoelectric elements 122a 
and 122b are mounted, and thereabove, there is 
mounted solenoids 123a and 123b, respectively. 

40 To the bottom of the irradiation area changing 
table 48, an attracting plate 124 having a bottom 
surface of magnetic material is mounted through a 
rod. The rod extends through openings formed in 
the wafer holder 47 and the irradiation table 46. 

45 The attracting plate 124 is movable within the 
openings. After the magnetic clamping between 
the irradiation area changing table 48 and the 
wafer holder 47, the piezoelectric element 122a are 
energized to expand, so that the top of the sole- 

50 noid 123a raises the attracting plate 124 to space 
the irradiation area changing table 48 from the 
wafer holder 47 by 0.02 - 0.03 mm. Then, the sole- 
noid 123a is actuated to fix the irradiation area 
changing table 48 to the movable carriage 85, and 

55 the irradiation table 46 is advanced along the lat- 
eral rails 120 and 120 by a predetermined amount. 
This advancement moves the wafer holder 47 to- 
gether with the irradiation table 46, whereby the ir- 
radiation area changing table 48 is moved relative 

60 to the wafer holder 47, that is, the area to be irradi- 
ated is changed. 

Thereafter, the solenoid 123a is deenergized, and 
the piezoelectric elements 122a are deactivated to 
be reduced, with the result that the irradiation area 

65 changing table 48 is beared on the wafer holder 



47. Again, the irradiation area changing table 48 
and the wafer holder 47 are fixed, so that they are 
prepared for movement to the second pre-align- 
ment station G. Another set of the piezoelectric 

70 element 122b and the solenoid 123b is used for 
changing the irradiation area, when the irradiation 
table 46 comes back to this station again. Then, the 
same operations as described before are repeated. 
That is, the mask holder 70 is gripped by the sec- 

75 ond coarse and fine movement device (not shown) 
and moved to the pre-alignment station G, where it 
is superposed with the wafer holder 47 carried on 
the movable carriage 85. They are then pre-aligned 
and finely aligned. Subsequently, they are exposed 

80 to the X-rays, 

The changing of the irradiation area is also ef- 
fected at the wafer unloading station E. As shown 
in Figure 4, an irradiation area changing lift 125 
has the similar functions to those of the lift de- 

85 scribed hereinbefore. As shown in Figure 22A, 
there is provided a shaft 126 extending from the 
lower surface of the chamber 7. On the shaft 126, 
stacked piezoelectric elements 127 are mounted, 
on which a solenoid 128 is mounted. When the 

90 piezoelectric element 127 expand, the solenoid 128 
raises the attracting plate 124. After this is accom- 
plished, as shown in Figure 22B, the irradiation ta- 
ble 46, the wafer holder 47 and the movable 
carriage 85 are moved along the longitudinal rail 

95 86. As a result, the position of the irradiation area 
changing table 48 can be displaced with respect to 
the wafer holder 47. Then, the solenoid 128 and 
the piezoelectric elements 127 are de-energized, 
and the irradiation area changing table 48 and the 

100 wafer holder 47 are again coupled. 

In the embodiments described in the foregoing 
paragraphs, the irradiation chambers 5a and 5b, lo- 
cated along the passage of circulation, have re- 
spective X-ray tubes. However, it is a possible 

105 alternative that one X-ray tube emits the X-rays in 
plural directions. 

Figures 23A and 23B show this type of embodi- 
ment, wherein the reference numeral 115' is a tar- 
get; and 116', 116' are electron guns. The electron 

110 beams emitted from the electron guns 116' and 

116' impinge on the target 115' to generate soft X- 
rays. The soft X-rays pass through solar slits 114' 
and 114 which are provided within an X-ray di- 
verging angle. The solar slit have the same func- 

115 tions as described before. However, the axes of the 
solar slits 114' and 114" are inclined, the irradia- 
tion table 46 is exposed to the X-rays while they 
are inclined internally, that is, toward each other. 
In this embodiment, an inclination table 130 which 

120 can provide an inclination about the inside one of 
the relay rails 87 and 87, which effects the inclina- 
tion operation when the irradiation table 46 
reaches from the lateral rail 45 to the relay rails 87. 
After the irradiation operatijon, the inclination table 

125 restores to allow the irradiation table 46 to move 
to the next lateral rails 120. The passage under the 
rest of the solar slit, 114, has a similar structure. 
An irradiation chamber containing those structures 
is connected between the main chamber 1 and the 

130 subchamber 6, thus constituting an X-ray exposure 
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tion can be zero at the top position of the lifter so 
that an abrupt collision between the mask holder 
70 and the wafer holder 47 can be avoided. 
The pushing rods 92a - 92j of the coarse and fine 
5 nnovennent device 88 again clannp the mask holder 
70 and the wafer holder 47, and the magnetic at- 
tractions between the mask holder 70 and the 
wafer holder 47 and between the wafer holder 47 
and the irradiation table 46 are removed. Then the 

10 electron microscope 18 for the fine alignment 
starts to detect the alignment marks. 

Figure 20 shows schematically an arrangement 
of the electron microscope 18 for the fine align- 
ment. The fine alignment electron microscope 18 

15 includes independently operable four scanning 
type electron microscopes. Two of them is for de- 
tecting the alignment marks 21 and 21 of the mask 
16. The rest detect the alignment marks 26 and 26 
of the wafer through the window 105 of the mask 

20 holder 70 (one for each is shown in Figure 20). The 
window 105 is closed when the wafer 12 is irradi- 
ated by the X-rays in the irradiation chamber 5a or 
5b. 

An electron gun 106 generates an electron beam. 

25 The electron microscope includes a condenser lens 
107, an objective lens 108 and an electrostatic de- 
flector for deflecting the electron beam in two di- 
mensions. The thus produced two dimension 
scanning electron beam is directed through a slit 

30 formed in a reference plate 110 to the alignment 
marks on the mask 16 and the wafer 12. The elec- 
tron reflected by the mask 16 and the wafer 12 are 
detected by a reflection electron detector 111. In 
accordance with the results of the detection, the 

35 mask 12 and or the wafer 16 are moved so that 
their alignment marks are positioned in the middle 
of the slit of the reference plate 110. 

During these operations, the pushing rods 92a - 
92] of the coarse and fine movement device 88 

40 control the positions of the mask holder 70 and the 
wafer holder 47. When all of the alignment marks 
are aligned with the axes of the corresponding 
electron microscope, the fine alignment is accom- 
plished. 

45 Then, the mask holder 70 and the wafer holder 
47 are coupled by the magnetic chuck. The push- 
ing rods 92a - 92j of the coarse and fine movement 
device 88 are moved away from the mask holder 
70 and the wafer holder 47 to release them. Then, 

50 the wafer holder 47 and the irradiation table 46 are 
chucked, whereafter the lifting rod of the irradia- 
tion table lifter 104 is lowered, until the irradiation 
table is beared on the movable carriage 85, which 
are then chucked with each other. 

55 

(^)lrradiation 

Next, the irradiation will be explained, referring 
to Figures 1 and 2. The irradiation station is placed 
within a vacuum chamber which are independent 

60 from the other parts. The main chamber 1 and the 
sub-chamber 6 are connected through a sealingly 
isolating valves 9 and 9 and flexible connections 
112 and 112 like bellows. The isolating valve 9 is 
normally opened, but when, for example, the irra- 

65 diation station is to be accessed, it is shut to main- 



tain the vacuum of the other chamber, such as the 
main chamber 1. 

The X-ray irradiation system comprises an X-ray 
tube 112 and solar slits 114a and 114b. The X-ray 

70 tube 113 includes a target 115 extending in the di- 
rection perpendicular to the sheet of the drawing 
of Figure 2, an elongate electron guns 116 and 116 
at those sides thereof and a deflecting plate 117. 
The deflecting plate 117 deflects the electron beam 

75 generated by the electron guns 116 and 116 to in- 
troduce it to the bottom of the target 115. The 
lengths of the electron guns 116 and 116 and the 
target 115 are slightly larger than the width of the 
mask 16 to be irradiated. 

80 The solar slits 114a and 114b function to select a 
parallel component from the radiant soft X-rays 
generated by the target 1 15 to collimate them. The 
solar slit is a glass or metal plate of a thickness of 
an order of millimeter provided with a great num- 

85 ber of fine openings of a diameter of the order of 
10 microns. The generated soft X-rays contain the 
component which is parallel with the openings and 
the other components. The solar slit is effective to 
block the aforementioned other components. A 

90 plurality of the solar slits are used in order to meet 
the requirement for the resolution. When a mask to 
be used requires a high resolution, the soft X-rays 
of better parallel should be used, whereas, when 
the mask to be used does not require a high reso- 

95 lution, the X-rays of slightly worse parallel should 
be used with an increased amount of irradiation, 
so that the time required for the sufficient irradia- 
tion can be reduced. A selector 118 is a mecha- 
nism for exchanging the solar slits. The solar siit 
100 114a for providing highly parallel soft X-rays and 
the solar slit 114b for providing a standard parallel 
can be interchanged without reducing the vacuum. 
The selector 118 can be operated at the outside of 
the chamber. 

105 As shown in Figure 2 the relay rails 87 which 
have been described with Figure 12 extend 
through the inside of the isolating valves 9 and 9. 
The relay rails serve to move, at a constant speed, 
the irradiation table 46 while carrying thereon the 

110 wafer holder 47 and the mask holder 70. The mask 
16 and the wafer 12, which are supported in close 
proximity with each other, are moved through the 
parallel soft X-rays extending in the direction per- 
pendicular to the sheet of drawing of Figure 2 so 

115 that they are scanned by the X-rays. The mask 16 
is thus exposed to the X-rays. 

The vacuum of the irradiation chamber 5a, in 
use, is such that the X-ray tube 113 operates prop- 
erly, namely, 1 x10'« Torr. The mask 16 and the 

120 wafer 12 supported on the irradiation table 46 are 
also placed in such a vacuum. However, the vac- 
uum in the space where the mask 16 and the wafer 
12 are placed may be reduced to such an extent 
that the X-rays do not attenuate considerably, 

125 whereby the load of the vacuum pump can be re- 
duced. To do this, the vacuum is 1 xlO'^ Torr. 

In the embodiment, the solar slit in the irradia- 
tion slit 5a is effective to function as a resistance to 
the air flow. Therefore, the two spaces divided by 

130 the solar slits may be exhausted by separate ex- 
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being superposed within a part of the sensitive 
mennber; and 

means for evacuating said chamber to effect the 
exposure in a vacuum. 
5 9. An X-ray exposure apparatus wherein a 
member sensitive to X-rays is exposed to a pattern 
formed on a mask with the X-rays, comprising: 
an X-ray source for emitting X-rays; 
an irradiation chamber for accommodating the 
10 mask and the sensitive member and exposing 
them to the X-rays emitted by said X-ray source, 
within said chamber; and 

means for changing an exposure area in which 
the mask and the wafer are exposed to the X-rays, 
15 while they are being exposed to the X-rays. 
10. An X-ray exposure apparatus wherein a 
member sensitive to X-rays is exposed to a pattern 
formed on a mask with the X-rays, comprising: 
an X-ray source for emitting X-rays; 
20 an irradiation chamber for accommodating the 
mask and the sensitive member and exposing 
them to the X-rays emitted by said X-ray source, 
within said chamber; 
means for supporting the mask under a state of 
25 being superposed with a part of the sensitive 
member; and 

means for changing an exposure area in which 
the mask and the wafer are exposed to the X-rays, 
while they are being exposed to the X-rays. 
30 11. An X-ray exposure apparatus wherein a 
member sensitive to X-rays is exposed to a pattern 
formed on a mask with the X-rays, comprising: 
an X-ray source for emitting X-rays; 
an irradiation chamber for accommodating the 
35 mask and the sensitive member and exposing 
them to the X-rays emitted by said X-ray source, 
within said chamber; 

means for limiting divergence of the X-rays to 
which the mask and the sensitive member is ex- 
40 posed; 

means for supporting the mask under a state of 
being superposed with a part of the sensitive 
member; and 

means for changing an exposure area in which 
45 the mask and the wafer are exposed to the X-rays, 
while they are being exposed to the X-rays. 

12. An X-ray exposure apparatus wherein a 
chamber sensitive to X-rays is exposed to a pattern 
formed on a mask with the X-rays, comprising: 

50 an X-ray source for emitting X-rays; 

an irradiation chamber for accommodating the 

mask and the sensitive member and exposing 

them to the X-rays emitted by said X-ray source, 

within said chamber; 
55 means for supporting the mask under a state of 

being superposed with a part of the sensitive 

member; 

means for evacuating said chamber to effect the 
exposure in a vacuum; and 
60 means for changing an exposure area in which 
the mask and the wafer are exposed to the X-rays, 
while they are being exposed to the X-rays. 

13. An X-ray exposure apparatus wherein a 
member sensitive to X-rays is exposed to a pattern 

65 formed on a mask with the X-rays, comprising: 



an X-ray source for emitting X-rays; 

an irradiation chamber for accommodating the 
mask and the sensitive member and exposing 
them to the X-rays emitted by said X-ray source, 
70 within said chamber; 

means for limiting divergence of the X-rays to 
which the mask and the sensitive member is ex- 
posed; 

means for supporting the mask under a state of 
75 being superposed with a part of the sensitive 
member; 

means for evacuating said chamber to effect the 
exposure in a vacuum; and 

means for changing an exposure area in which 
80 the mask and the wafer are exposed to the X-rays, 
while they are being exposed to the X-rays. 

14. An X-ray exposure apparatus, comprising; 
a main chamber provided with a mechanism for 

feeding a wafer, a mechanism for feeding a mask 
85 and a mechanism for aligning the mask and the 

wafer fed by said wafer feeding mechanism and 

mask feeding mechanism; and 
a irradiation chamber connected with the main 

chamber to receive the mask and the wafer there- 
90 from and provided with an irradiation source for 

emitting an irradiation energy to them. 

15. An apparatus according to claim 14, 
wherein said irradiation chamber is communicata- 
ble with said main chamber, and each chamber is 

95 capable of maintaining a vacuum independently 
from the other. 

16. An apparatus according to claim 15, 
wherein two or more such irradiation chambers 
are provided. 

100 17. An apparatus according to claim 16, 

wherein said irradiation chambers are arranged in 
series. 

18. An apparatus according to claim 16, 
wherein said irradiation chambers are arranged 

105 parallel. 

19. An apparatus according to claim 14, further 
comprising transfer means for transferring the 
mask and the wafer from said main chamber to 
said irradiation chamber. 

lit) 20. An apparatus according to claim 14, further 
comprising means for detachably connecting said 
main chamber and said irradiation chamber. 

21. A wafer chamber usable with an X-ray ex- 
posure apparatus wherein a wafer is exposed to a 

115 pattern formed on a mask with X-rays, comprising: 
means for exhausting said chamber; and 
means for accommodating a wafer. 

22. A chamber according to claim 21, further 
comprising means for heating an inside of said 

120 chamber, 

23. A wafer chamber, comprising: 

means for forming an opening for communicat- 
ing an internal space of said chamber with an out- 
side thereof; 

125 means for releasably sealing said opening to 
maintain a vacuum of the internal space; and 
means for accommodating a wafer. 

24. An X-ray exposure apparatus wherein a 
member sensitive to X-rays is exposed to a pattern 

130 formed on a mask with the X-rays, comprising: 
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apparatus. 

In the embodiment shown in Figure 1, two irra- 
diation chambers are disposed between the main 
chamber 1 and the sub-chamber 6. However, this 

5 may be doubled in parallel. This makes it possible 
to increase the scanning speed. Further, when one 
of the X-ray tube Is disabled, the exposure step 
can be continued using the remaining. 
The wafer loading cassette accommodating 

10 chamber 2 is such that it does not reduce the high 
vacuum in the main chamber 1, and in addition, 
the wafers are kept therein for a sufficient period 
time to emit the gases contained in the surface of 
the wafer. However, if the wafers are supplied 

15 from a resist applying station through a large pipe 
which is evacuated, the chamber 2 may be omit- 
ted, or may be used only for adjusting the differ- 
ence in the vacuum between the pipe and the main 
chamber. 

20 As described hereinbefore, the chamber 2 may 
be provided therein with a heater 141, which is ef- 
fective to heat the inside of the chamber 2 to emit 
the gases more efficiently. 
As described in the foregoing, according to the 

25 present invention, there is no such a member as a 
window shield, which introduces the energy from 
the energy generating source to the mask, the 
mask is irradiated more efficiently, so that the 
power supply to the energy generating source can 

30 be reduced, or that the irradiation period of time 
can be reduced, thus providing a high throughput. 

In addition, the mask is irradiated by collimated 
X-rays so that, when the mask and the wafer are 
kept parallel while being exposed to the X-rays, the 

35 setting of parallel therebetween may be much less 
strict, or that the necessity of alignment is elimi- 
nated between the center of the mask and the axis 
of the X-ray generating source. 
When the mask and the wafer are supported in- 

40 tegral with each other and exposed to the irradia- 
tion, plural masks may be continuously supplied. 
Particularly, when plural irradiation systems are 
provided in parallel, and they are scanned therein, 
the scanning speed may be increased, so that the 

45 throughput can be increased. Moreover, even 

when one of the irradiation systems is disabled for 
one reason or another, the required irradiation 
amount can be given if the scanning speed is low- 
ered. This is advantageous in that the entire X-ray 

50 exposure apparatus is not needed to stop. 

Additionally, since one wafer has divided or sep- 
arate plural irradiation areas, the deformation of 
the wafer does not have a significant influence. 
And, the size of the mask may be small with the 

55 advantage of a small energy generating source. 
In the embodiment disclosed herein, the mask 
and the wafer are once kept in the vacuum in the 
cassette accommodating chambers before they are 
fed into the main chamber, the gases contained in 

60 the mask and the wafer are emitted in the accom- 
modating chambers, so that the vacuum in the 
main chamber is not disturbed. Furthermore, be- 
tween the mask and the target of the irradiation 
system, there is a partition having the solar slit, 

65 which has such fine openings that the gases pro- 



duced in the neighbourhood of the target do not 
adversely affect the mask side. 

While the invention has been described with ref- 
erence to the structures disclosed herein, it is not 
70 confined to the details set forth and this applica- 
tion is intended to cover such modificiations or 
changes as may come within the purposes of the 
improvements or the scope of the following 
claims. 

75 

CLAIMS 

1. An X-ray exposure apparatus wherein a 
member sensitive to X-rays is exposed to a pattern 

80 formed on a mask with the X-rays, comprising: 
an X-ray source for emitting X-rays; 
an irradiation chamber for accommodating the 
mask and the sensitive member and exposing 
them to the X-rays emitted by said X-ray source, 
85 within said chamber; and 

means for evacuating said chamber to effect the 
exposure in a vacuum. 

2. An apparatus according to claim 1, wherein 
an internal space of said irradiation chamber is 

90 communicated with a space around said X-ray 
source. 

3. An apparatus according to claim 1, wherein 
the pressure in said irradiation chamber is less 
than 1x10 ^ Torr in use. 

95 4. An X-ray exposure apparatus wherein a 

member sensitive to X-rays is exposed to a pattern 
formed on a mask with the X-rays, comprising: 
an X-ray source for emitting X-rays; 
an irradiation chamber for accommodating the 
100 mask and the sensitive member and exposing 
them to the X-rays emitted by said X-ray source, 
within said chamber; 

means for limiting divergence of the X-rays to 
which the mask and the sensitive member is ex- 
105 posed; and 

means for evacuating said chamber to effect the 
exposure in a vacuum. 

5. An apparatus according to claim 4, wherein 
said limiting means is disposed between an inter- 

110 nal space of said irradiation chamber and said X- 
ray source. 

6. An apparatus according to claim 5, wherein 
the internal space of said irradiation chamber is 
communicated with a space around said X-ray 

115 source through said limiting means. 

7. An apparatus according to claim 6, wherein 
the pressure in said irradiation chamber is less 
than 1x10 3 Torr in use. 

8. An X-ray exposure apparatus wherein a 

120 member sensitive to X-rays is exposed to a pattern 
formed on a mask with the X-rays, comprising: 

an X-ray source for emitting X-rays; 

an irradiation chamber for accommodating the 
mask and the sensitive member and exposing 
125 them to the X-rays emitted by said X-ray source, 
within said chamber; 

means for limiting divergence of the X-rays to 
which the mask and the sensitive member is ex- 
posed; 

130 means for supporting the mask under a state of 
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an X-ray source for emitting X-rays; 

an irradiation channber for accommodating the 
mask and the sensitive member and exposing 
them to the X-rays emitted by said X-ray source, 
5 within said chamber; 

an accommodating chamber for accommodating 
the sensitive member, said accommodating cham- 
ber being isoiatably communicating with said irra- 
diation chamber; and 
10 means for evacuating said accommodating 
chamber. 

25. An X-ray exposure apparatus for exposing 
an X-ray sensitive member to an X-ray pattern, 
wherein the arrangement is such that said member 

15 is exposed whilst being accommodated under vac- 
uum in a working chamber. 

26. An exposure apparatus for exposing a sen- 
sitive member to a pattern. of activating radiation 
generated in a vacuum wherein the arrangement is 

20 such that said member is exposed whilst being ac- 
commodated in a working chamber under the 
same vacuum, whereby the radiation does not 
need to pass through a pressure barrier. 

27. An apparatus according to claim 25, or 

25 claim 26, wherein there is further provided means 
for introducing a said member into said working 
chamber from a sub-chamber, means for pressure- 
isolating said sub-chamber from said working, and 
means, operable when a said member to be intro- 

30 duced into the working chamber is contained 
within said sub-chamber and said isolating means 
is in an operative condition, for reducing the pres- 
sure in said sub-chamber. 

28. An X-ray exposure apparatus substantially 
35 as hereinbefore described with reference to any of 

the accompanying drawings. 
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